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IiXl?? OF FJOTtFS 


1* Floi# ©f th® 

F* ^loek iiagww of ttio my it| 3 f>*smtiit 

3«otloo&l. irtw of tin* eolliniiitOiFt 

iotootor ttas«i»tl3r 

4* Hkjflatloit of Toi^S ifltfe nit 

fimotieii 

S* Fartatlofi of foI# ffitotloo with SfFotanfO 

i, ’s^riatioa. of 9ttp imti© with air witht 

faiootioii 

?« fUrlatioa^ of flip mtio with paotsof^ 

i» foii iiatrilmtioft Mtosa tho wtitli of tl^ 
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A_ Croas ssKStlonnl e^ren of ohawiol oociiplod by gas, 

8 

A- Crom sactional araa of otennal oeeupiaci ^ liquid* 

A ' ■ ' 

4¥? ' 4lr f^aotlrn • fyaotlom^ wal^t of aly la tb# 

atf^vmtay mtxtwm 
-».« now rate of tho 
If 'fefssfisity of the Qtewrta *«y boa«« 

Initial Intsntlty 

1^ Intanslfcy aftay pisalitf tbronfli tlia ehznml filled 
vith lifmid 

W Intasslty aftoy psarntm l^fouirb t&a eliaiiii#! filled 

IS 

vltli faa 

t Intensity afloy passinir ttfomfli oliaiinal ftllad 

fi' ' 

wixtni^ I 

P<n) Pyobelillity of ©li»®iwimg «*aetly n coant* In a fiv«n tl*p« 

y Oonatifif yata I 

y^^ Baokfsoiaid oomting fate 

@ Slip fatio 

npaolfle mlwim of liqnld 
eyoelflo wltiwa of wfomy 

■' m ■ ■ 

Vf faloiiity of llqnid 

folooity of vapowy ' 

a» -quality of the alatny® 

X ' Bfoadtii ef thm elaitnel 




IiQBgtli of ray path through the gaa 

Length of ray path through the ittiiia 

Total thtcimees of the ehanaiel wall* 
fold fraetioB 

linear ahiorption coeffiolent 
Linear ahsorptton eoeffieient fhr gat 
linear ahtorptlofi eoeffleltsit for ligutd 
linear ahiorptlon eoeffielent for eln^mel wall 
■'•material 

'itandard deflation 




ABSTRAQf 


Teoli*, iR'iian Institut'p? &f 
'Tmfmol^ny* of ^oM 

f^aotiofi in "fw-plme© Itl3pwimtsit* flew Isy fjmm 
Vmy ftttomtotloii 

fhp uarintion ©f wii fwotion and slip mfei© with 
pr«8!sisir« and air watfht fftt©t4.©fi i« waftio-il tw-phaao air- 
water flow is iiw®itlf«t©d* ’.folil fiaetion is 
mlm ray attanmtion ii»«th©«l, fim-i' fmm tfei^ th® ally ' 

imtlo Is aalcralatai. The theory of nmmm my att«*»atioii 
tachnlqna* mnd th® axpariwantal prt^eednm for widl fmotton 
<S®tar*-4fiiatlon are iesorlhei! in sletail* A swiw of the I 

literature it given# A brief Slsenesioii ©n djofiitiius itatietles ; 

' ■ ' f 

tend error enalysie i® ale© inolniei* [ 

■ ■ ■ ■ 'I 

' m Blvmini'm pipe of »«iiiare ereee eeetien (3«33 m □ 
tnterml) le need ee the t«t otenaei# ?l»i pemeeter renget ' 
etndied ere preemre 3*0 pelf to peift wid air iieiilit ; 
fraetion 0 t© S#01C» Cntvee ehowiiii ^le effeet ©f preeenre tmi \ 




CHAW® t 

of Bfsiltnf ^ulaur ^'metor*? |>i«^ldl»4 th# 

principal stl-nilaticn f©r wl«l Imrnttmtt&rnm fh^ 

»»*al?s Offei action of su-ah atmflas l»s hmn to obtain widi dtekta ftjr 
tiso ill t#f»« amlpiis of t’iiO'*plKt«e flo«f aa4 bolllns? tifanstorf 
«nd far eowpitliifr «i©i«rator doniitiot In iraeloar riftotow. 

7oi^ fpioti^n mnf li« ^lofiitol aa thn fraotton of eroti 
nmttoml f$.m nrm ©oottpitil Py tl»« lit a fosi^ll^iii'l 

fl©¥« Tlinr# is a larff# titffmmmm In tlia Caw**© my mhmTptt<m 
cooffiolenti of tlia tm plm«®s» Cteiwa my attowwtlo-fi motlioi 
of void fr&etioti dttoir'lfiattnii of tlili ftiot* 

BoillfM liMt tmnsfnr is o y^ry oonplojc ptiiooftmon* I» 
this oos» m tmm to tato Into ooiaiidorntion t!io sorl^o# oltafii* 
ot«rittlo9f tlio t*asion« th# lieat of oraiiorfttioitt 

t.lio proownrof tlm teioitf anS p»9tiH|r otlior piofoitios of tlm 
wponr ifi addition to tlio varialiloa intolood In lifnld fMao 
oomrootion-tlio rifoositfy tXio dmsttff tlitimil oondootirttf 
and Apooifio lioat of ttm Ilcpildi tli« foomottar of ttio wyBtm oto* 

tn tlt9 oao* of Bailiof ^tor tpoloar loaotovt idiovo Idio 
lioiliii!(f mtm alao oofiros »« a ro^aatorf role! fftiotloti affaots 
tlia ooolwit donaitTf nootmn kinotios and foaotor otaliiiity* 
tip 9tmm ooidt diofiaoo a part of ooOSant msSi tlia oooiiiit 
ionaitir i» rodMod* Hio etar^o i» raaotMtf nifk fwmttm 
is knomi ag tlio ootd oooffioioRt of raaotis^i^* k n^tioo ooid 



rBlmn ©f 3hm«tlaii %t l>?©s«ttwi mntisi?; fmm p«ti to 

1000 pii* or® in tli® 

Th« •©•% tiwpoiptoot pum-wotof* ftliot mttmt tlio iroia fwmtim 
til© slip ratio mm tlio pmwwmm aai tlio wlxtoro qooHtf • flm^ 
ItMt tfoitsfor ratOf thm tlm otennol fooMitry iii4 tftko 
oial li^ioli irolooity li*ivo mXm %mm Umi to affoot tlio mM 
fraotion awl tlii> mtXM to m loisor i»f v««« 

*nm ai^ of tiro ]pi«o«fit liyrottifotioii It to tlio 






mpf OT II 


iroio wmatmn DCTmiiwmo’ft TirDW 

SSSftOlf 1 

Th« quality *%** of m mt^um of iraponr aii«l llqolfi In 
a mnflm oyston m %^im tlioa# Is no rol&ti?# witioik lyotifoen 
>%hfi gas mi' tho Xiq^tA l^tiaso is Sofli^ia as 

;aiiiaaM 

* Total MSS of ilio mixtofo 

Tim soit ^nisti<m OT soli iroltno fsaotion *oc * is 
dsflnsi as 



tils vslatioiisliiy listi#s«ii t£is ^(oality and tlis 
fraetiim my lis ol»talm€ by oonsi^stiiif a ssrtain s^sm 
ooiitaiiiliif mit mass of tlis oixtors ia tlisiMal. 0<pU11>fiiMi« 

fim qoality of tlw tsixtoss is m' 

thw vojlwrs Ox vopom^ ** X ▼m' 

» 

tlis soima of 

is tlis syooifis ooi'isis of mpem mi 
Tg is s|>ooifie soim® of il^oiO* 







In fbr imid fvmtim. in e 

f»nfl«w iyst®^ it ¥»» a«iap«4 ti^t thar® wt m wilfttiir® 
Mtion l#tini«ci tli« tb# mpcmr# In tli® m&B of 

fio^iiif tii®«»ftei« wi^ttros th® mpoiirt lammum of btioivtt^y 
tonds to 8li|» pift tlii tilt impoiir mXmitf io 

mm tlmn tli« limpid voioeitSTf and tli^ votio of tlio fopoiiif 
iroiooitsr to tli# lipid ^#looit^ is osllod slip fstio *i*« 

Tlio <{iii!ilitp at ssgr ®mm ssetion of tho fXm Poasol 
is dofiMid Si 



If tlis total iMiis flm fits of tto tDixtnto is 
sad tno foslitp St ^ psftioolsif Ofosi sootion is x# Wm 
volooitios of mwmr Cfg> <sid lipid Cfg) sto gXwm 
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• s 

'Hliar® aaa aare tins laetieaiil areas ®f tHe 

f r 

gas pliaa® afi<l tlia l.l<|iiid pliase parpaitdlaiiaar to tlia fim 
dtractlon* 


C2,2) a»a (2*3) 

O A 

tefiaiiariiif aiilr a sffiall length af tlie aliaiiiial 
eliaiii#a in tlm propartiaa of th# mixtaro are negllfiliip 
s«ialll tlio ratio of the impcmr phase rolimo to the total 
rolosto 1» the sane aa the ratio of the ofots saotloii^ area 
oooopioi W the vapour Ci.) to the total oroas aaotional 

V 

aim of the ohaimol* 


Slip rati© in} m 





fha ahove oipvoaaloa h# raarraairad to givo m 
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oc Iji tofiia of ^litp and alip latio^ 
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ft w«w ho aotat that the ralatioii^p hatiioaa ve&d 



fmetlm and ^llty t&r m slip C S * 1 ) la tli® saw© as 
Iter tlia mmflm Bf&tm* 

Tiia sffsat of slip Is fee poiiwt© tim mlm of oc 
ooyTospoiidlisg feo a paytlottl&y yslo® of ml h Mgli slip 
mtio is an adwittago fmm tiotli tli» lioat tiansfoy mA 
tti© ipodoyatlag %ffmt slaM points* 











tis the past few fmm invest Iga tow liaif© ©»^ploy®d 
toohislfiios Hot axperi-wAJiital mM «?oaiiir(iw@B%* They 
inclM® me of ra<lloaeti^® twoowi x-imy attmuatioiif Bota 
fay att«Matioii aiii 0®*«*a my attomiitioii# kmm them the 
^»s«»wa ray attemifttlon la the *» 0 ®t irlioly applitd and ovaltiatadi 
taotiiil.(|iia« 

As %w*«a rayt past tliroafli tli® ptiotona ar® al»sotti®4 

and tisa intensity daofaaaa® axpoaaiitlally ^itli tlia (Ustaima* ISba 
axlMit of aBsofptioii It propostloiial to the latonaity of radia* 
tlofi afi4 to til# tbloteesa of tli# ina4iw)i at a gtvm point* 

4W • •/zif 4s ** .* (8,9) 

atef# 

f is ttus intsnslty of radiation ! 

/Z-is til# iinoar mtsoiption ooaffleisat and I 

ds is til# tliiotaass of tlm vsitofiai* 

'fitis oan to intoffatod to gioo tlio attemsitioii of tto ! 

■' ' ' ' ' ■ ! 

my fhw a finito tliiolatoss | 

# • 0 ^^ *# •<» C3#i0 1 j 

. W * 

idsoft ' 1 

■ ■ .'[ 

is tlio initial intonaityf ^ : 

aiii W is tlm final intonsitr* 
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1* *?1ni radiation is »ono«iiei?t«ita. 

I?* Tlia »3r consist;® ©f p»tiall®l rays an<i ^ 

is WmVf thtflm 

3* Tfe© t!i©«--pliiise isijEtUT© ©«ji h% mprmmted l» laysrs of 
tm ll-nuli parptwitotilar t© %1m imMmit iMs^lation* 

111 ® my attsfiaatloa »#th6<i ©f iroliS fraetioa 

siirewaat: is l>as®d ©n tti« fast that the linear absorption eo- 
©fftciont C /X ) is 4iff«w»it ffer th® tw phas® ©cmstltntini? tli® 
tn© « plips® flow* IMs is «<iaiiily dti® to ths tliffsrMi©® 

in density. Cn «>*«ASiirtnf imid fmttim. of a tm • fim® niastuf© 
Hovixi.? in a ttm satiation fmm %h» my mmme 

passes thonisli the floir ©liaisisl and tli® att«nnat®d xadiation 
rsaohst tb® Sstaotor* 

If tit® stt<liatl©n pars#© throi^li ^he ©liaiiiiel upturn oonpiotsly 
fiilsd Hi til gas til® atttsmation is 

**l^m * '•M* X* 

* « ® ® • * ,, *, CS#11> 

® ■ 

* 

HlMir# 

yU is til# itnsar aimoi^iofi ©©#ffl#i#»l of piSf ' 

^ ■# ' 

yu ^ is tit# linsar alia©fpti©fi ©osfflsisiit of ^ ©hanu^ 

'wall ««at#xialf 

. is t&# total tlii«tes8s Of ©ItMui#! wallSf and 
X is til# btsait^ of tti# ©hann#!* 


.4 *«wnw!r«w«nli at th# poattiasi with tli® «ttoiiii@l 

9©»ppliit«iy ftliad with liquid! flwat 
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wh«r® ig thu ltra«ar &hso?ptio?t aorntfieimt of th® 


"ioally the woairowwfjt obtained with th# elmiHi®! filled 
partially with fa# and partially with raponr !•«• fillad with th« 
two • phaao ’wisttnre la ftw«ri 


fi 

' # 
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(2*13) 


f^n the thro® oqnatloa# C3#11)| (3*13) and (2*13 )| it i » 


poiiihla to doriw® an «apwi»ai©a for tht loeal raid ftaottoa 


ffk) 

% igtM r 


1*®* th« f»otion of th® path ©f the ray fmm thiwifli th@ 

faaaont phata in tha .flow ehanael*^*”^ 
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•mJLm 
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In < ^ ) 


fi»3^ it ia poatihla to dotomino tho looiil woid fmotioii 
by wahifif thro# iradiatiofi •foaouron^it#* It nay ba netod that tho 
linoar abaoiftion oeaffloionts are not pvmmt in tho mtpvmBiim 
for roid and ao It ta not noooasary to dottrelno Idiiii# 

tm erdar to datormiito tho moan or ororall roid fraotion 
fOr th# wliolo moo* •ootiofif a aorioa of oonnt rato ttoaauromonta 
at difforont poaitioim g^mn the width of tha ahannol it mdo 
and tut yoftdtt ata nmiariOfilly ifitagfatad along tho ^t^hm 
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ESMTEiv mm 

p . 

^ocikm l»¥« tiwii a 4«tat3.®fi 4«»cilpttoa 

ef tfe« my tLtlmmmtimi. netlioi* Ttmy iw#4 

a» t!i« my aouroe* flia t«at aaetlon was a wrfeieal 

atainlasa atoal aHaimal ef raala.ngtilar emas aaetlon* Tln^ 
mmMm sm^mt Itiolte »ioek-i^ Qit<3 irarlflafl tli® 

fsellcufitif I 

3.« I>br all pmatleal ^vp&mmB m tmly mpommtiM. attanm* 
tim can "tm itith luorara 0 f wpeitr an^ ii!}itld patpanii** 

eiilar to tlia patli «f milatiofi* 

t« ilomog«i«oiia Imlililoa in vat#? mm l»« mp7#a#iit#{| tsr 
altafnat# lay#*# of mpmr and Utinid armaigaS p«yp«aii#iila? 
t# tlM iiieM«Hit imdiation* 

ifttt? Ktalsiiig a 4atailaS mtmw analyala tbm nonolndad 
tlxat tH# miaaataifil^ Cfa? ttioi? aonditioiia) at full void mug# 
vaa tlmm vaa a aaiioita loss of mmmmmy in void fmationa 

lialev 0»100* mtli vnifavyii 4tiat«llniti#n of Initldlot in tlia togioii 
Ootwowfi 0*100 and 1*00 ^i# mi^mm piotalO.# mmmw ooootvod vil4 
til# void fmotioa of Otioo ani vaa ^ 7*04 

flioi? Moaaiimiiaiita m. 'iiiOQlo<agm of ptofomolial iiatvi** 
Imtiofii vliiali oooov void# am aonomtiatad at pattiooiat 
looatiima iniioatod t^ matood vaa ftiit# inaoomiat# iav 



12 ■ , 

sttcli liav© point ©a ont that tli© ®n?©r lit 

^©asnrinf prefaraatlal void dlstribntlofis eonld b© «i<StKS®d 
by viawtng only a fraction of tb® width of th® flow cbannel ; 
at ai^ instant* 'Thsii th© r®i?lon ®xa«»ln®d would have *«or@ 
nearly iniiforw dlstribtttion of babbles* snob weasiiroiieats . 
conld b® wad® at varioas points along the width of th® cha,finel 
and an average void fmction eo»pit©d* . Sttbi®t«ehb Iwrestiiators 
©wpioyed this wetiiod in preferenc© to looker and Boppor*® 
»one-shot* wetliod l*e* viewing the yitmlm width of th© channel 
at the saw© 'tiwe* 

th© other factors affecting thB accnraoy of the weaimrew 
went* were the loss of strength of the Oawwa ray ftonrce over 
the fexlod during which the testa were wade and errors dne to 
radiation rwicMaf the detector by parallel path* ©stomal to 
the wi3ctnre* 

Fetriok asNt 'Hwanson need a traversing wetliod in iM-eh 
the platfor* carvyint the eonme and the detector was traversed 
along the width of the ehe.5mel to obtain a series of void wea* 
snrewents* ftoow these weasnrewents distribution of voids 
along the width of the channsl was obtained and this was inte* 
grated to give a weioa void fraction for the cross seetien«fliey 
also dctesitlfted ^c accnracy of the ecthod nsini Incite i#oclc»» 
ops* they Ibniftd' %im% the average difference between the void 
fraction weasared by the Oawwa ray attenaation method and the 
knowit void fraction for several similated void distribatlons 
m$ 7*9$ of tho knowfi void fraotiem when ^ traverse toohidfne 



m 


mm Til* ifitli «f«tlio€ mis 30*S^» 

W&w tli© *N9ek««iis irliioh ¥€Jiy nsayly f©sir*bl®d 
lii>«ef«n®©»s of *oias tli* <!iiff««wieo liofeiroon tbm 

iiofeiitl ana umastiroa voia fittoti©!i ms si«»ilart ''about !•§'% 

4 

tsblfi, Sb«ip aa4 May »«aaiir@a wia fsaetiona ani 
py«»iOf=« dfops fo» steaw^TOt®!* Hoi#® lii a 2«S ap* Cintawial 
aiafiotor) v«rttoa1, ttib® at at-osytiari® prossoi*® mm a jpusllty 
yawK® of 0 to 4’t* s«l«iilii* - fS wm ts»«a as tb« Mw"*® wiy 
foiafo® ana tb® 4ia*w»t®7 of ttm eoXIlwatoa b®AP> ims 
mrwtms m ifliiob th® msmm aotootoy ais®««ibl|r was «<*otiiitod 
Qonia b® votatoi atoima tost station ma oonXa b® nmsA 
teem mm sias of tb® obafiai®! to ttm otiiati tlnis tsawoming 
all ebora positions* 

Csbifi» HoariptsSf Lasson ana fattis® *iysainf*®4 tbs Mia 
fmoticm nsinf claiPia tay attsiiRiatiofi vistlioa Ibr st«ft«i««fatsr 
flows in an aiiabatio bostsontal tost ssstiosi of 0t4il€ in« 
innor aiimsts? at p ysssnvss wasying fpoii 400 to 1000 pslg* 
fisporlmsntai iralnss of woia ftaotion at 400^ 600y SOO ana 
1000 psif along with that p?^lot®a by Mttinolll a«o iimwi* 
tbs fap®r ioos not aitonss tb® aomtfsoy of tbs nstboa# 

n 

f%ffobsts7to ana ystyiAOi^ bnw® ososontsa woflciiif onsoss 
Ibr tbs fssaiotion of tbs wi^ooity os slip tatlo {stssii' wslop 
oity/watss vslooi^r) at IBOf fHOy 400 ani 400 psig* lbs slip 
tatio was oalonlatsa fwm s%mm sola fsaotlon wbi^ wag msm 
siifoa nsint ianima toy attsmtation notboa* fb® ptossnr® was 
watioa trm 100 to MO- psiiif itnality fmm 0 to @0|f sni fans 







fwietiotts in It m& iurmyrn Tim «w©y| 

a®« takiiii rnrnmmmmmM ytth, imt Tmmd t© 

mwf fmm T to ISi* flis^ eonanatoi wm^mX tost# ^tli «lr- 
wat#r wii^or®s ftM tim 

<it»s«w®4 a doftaito tm^hemy fQT tim pis to ftoll,«ot nmr tlio 
&mtm of tlio tost sooticm* 

PorklRs mad doirolopM & Dots 

ifoid woositfornttit toolmifiitt lbs lootl toiilmi* Aftot aiiwl|rilii^ 
tiio lltontovo omeemimg t!to tevs mj ottomttoa ootboi : 
they ooaoliido tfeuit the Oamm my mttmmtim wothoi is rtMi«ESi» 
ably ooimfote lbs tlio dotofwlnati^ of void vt^wm olum tlio 
voids oro distidtRitod in o hm&gmmmm wmmmw and the toot 
soetion offers a sodiotieii potii ffootor tlma slioiit BiOO 
(o^isiooioiit of cHio Inoli of ootorl* . 


the iitofotoio sorvoy iadiootos tliot tlio 
ottomwttoo is tlio aoit wtdsIMr ^od wo^d Ibr voii ftmot&oo 




i, TEST SECTION 


2. MIXING TEE 

3. NON RETURN VALVE 


4. PRESSURE REGULATOR 


5. ORIFICE METER 

6. AIR COMPRESSOR 


7. ROTAMETER 


8. WATER PUMP 


9. GAMMA RAY SOURCE 

10. SCINTILLATION HEAD 


REGULATING VALVE 


@ PRESSURE GAUGE 
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pmnsnm ir««»3.ator* 1» supplle*'! fey a l?tF*p mnd. 


n TOta^ater ts ii»«d to 'waasnw? tfe@ water flow rate* 


f\ir aed watar ar® »ix®d in a ttandard pipa t#** 
This mafcliod of mtxim was saleofeed ftm pTmimn- liwastl- 
fatton* tewliFte.^ tli® f^tration of aii^wator 


\n %% 

mportod fey Wayttnolli «t and ^fofenaon and .i^feon-Safee* 
to suMfeo iw^. -’ofoimoa 10| ”%« <»®tliod ©f *flxinR tfea two 





POWER SUPPLY 
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DIGITAL PRINT-OUT 
UNIT 


FIGURE 2 BLOCK DIAGRAM OF THE 
GAMMA RAY APPARATUS 
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thw ttpp®!* swrf^c® of tlio s»c! |»fpi«4totilay to It* 

?!t(rth<i?«©r« amy bofids^ mlvm t^r &th^v tibMtmjMZtms 

tli« inloetioo point aa5 th# w^asurtnf sootlon *«mt 
t® airci<i#«S. ” 

'tli» t®it sooticai is mn ilw»lnlii» pipt of ei|io»w 
ef©sa**»®otio»f CS*® m infcoffial ^‘jsi 3*Si e« 
an^ it I'll W 2 o» lon^?* tli® aifwwator wilstw# ontow tla® 
irtptloal t®$t footioa at t!i« bottow tad floirft upward# 

lemim tlio t®it aootten at thm top* tkm wilxtar® 
is ©jctwastsil into tli® irtla* itio f«t# of watsr tad 
ftir ctfi b© ®airltd ropilatiaiir tlK» irtlw#s at tit® oatlat 
of th® oironiatint pmm ®*id tb# ®a1v« at tim oatlot of 
tli« tir»eo«»pp*»i^r* 

A Moot of tlm Oamwa mj appafoiat to iliovfi 

in flgara t* 

Tlio daiiwa lay soaro# Is a ptdlott $ il®» 

Kiatar and 3 w* liaiilitt «ioloi«»d in an atamlniaM aapoaia* Tito 
attanetli of tlia soairoo on ^y 3Q» IMB 9 waa CMwia* 

liaa a lisif iifo of Wf toys aai two oaotgir poata 
at nm aai 0»Oi€ i4or# 

tta mtlimMim of ti^ ^smm loy hmm at lOm iooraa 
Ota# ii offPotoa tr a tm^ eonimatoy of M m iaiti^ oltli 
a 4#0 m diawiator toio at tlia arntto# Ooliioatliwi at tto 
Oataotoy ai^ is ottaiiiad by a 3«t aw tblat iaai bloat oil^ 
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TIi'* 4et.®otoi' is a tW5*^ti«.3r 

SH’ CSS)* t&e hmfl »nsi»ts ©f » 
©owblnatiefi of a sslntillfitirii crystal, » pluctowniltiplior 
aii<f a cntlicule ray follower in on® eylinarlcal tr-osteg, sad 
acts as a timnsdactr c©!ir«r»itlaf'^: ^•r*»a rmdiattoa into t^cctrl- 
©al ©alscs# 
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©urrent ift aw> 3 J.ifi®cS as tlii© isl«*twsiia mm 
<lpio4« to clfuei®* Thm larg® of ©ItsotKjts^i Tw*^ tli® 

last e'st!»«1® i-i eo.11eet©d by tli« in »a 

©leetrleal ■p'!Jls«f i^tcb is a^fttlabl® it tli® ©titpit* 









FWC^fiWtS 

Th# fl0¥ rat0s of air aB(S wtor mm a-IJnstod to tli© 
"TOilnofs iiitng the refwlanin^ and hyptas valets at 
til® oiitlota of the air a «*5 the mtm ptmp* Qmmt . 

oar# ws telcefi to tee ttet thet® flm rates f«»*aliie^ oonataitt 
thrmiihoiit the te»t noi# the pressor® of the flewtns? alr» 
irator mljctore in the teat aeetlon ms aAJoetei hy altertiit 
the settiiiir of the air pressure radiator* 

The platfhr* ©arrylof the soomoi oolllseitori Aeteetor 
asseehly was werei aeress the lilSth of the test •eotloii hy. 
opeiatlfif the tsttyerse wee^oilse* ^trte eemit sate «eaattfa» 
i««iits (vlth airf eater aiiA the *^lstore i» ^ test eeetion) 
to Aetefalne the looal soli fsaetloa mre taMeo at 1® loea* 
tloea* these M loeatlona vere eipially ilstrllmteA aefoss 
the alAth of the now ehaoiiel ati^ were @«8 am apart* 

Ifce aeatiehamiel analyaer was ealiheiateA wlt^ a 0& 
i%0&2 Hew peali) stiowhiiNl eooree* the «es© levidl adjastaeiit 
was waie aoiiit a poise fenemtor the linearly of Um 
mmlfmw was eheelisA with a Cte®^ Ci*lt,t«ef peafe) stanlkrt 
soores* 

4 mmsting pMstloi of ,oo® lit# •sleiite was wfeiS Ihf mah 
mmt mte'weainiimiefit# ^salttnw-ito has a peal at 0#OSt ?tpr* 
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FIGURE 4 VARIATION OF VOID FRACTION WITH AIR 
WEIGHT FRACtlM 


% VOID FRACTION 



PRESSURE (PSIC) 


FIGURE 5 VARIATION OF VOID FRACTION WITH 
PRESSURE 









6. VARIATION OF SLIP RATIO 


'*• , These points were oht fined' .h^ 'Oflottlatibn 
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mlum «® thu pr»«stir« fbur Cfws** 3*00 pgi^ t© 


l?»,OCi ) T||t» vmilatton ©f sltp f«tt© i4tii pi^fgitwi Mt 


f\tff9Tmt filT ' fm«tt©fi« li sli0W!t lit flfsi© ?* 


mm ip«iiietl.ofi ©f slip »ti® iittli «ty ftp©©* 

tlofi mii priwiwiwi t* a atsa^trantiai© iKjtli twmgftr «isi 
^odgtattiiff ©ffaet ttaiiapoiiita ®« it in an iiwwiaaa In 

wi«S ftwioti©«* 
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pmBmm 0f 'mldu wiltm tfee ©f imtwa flw tts* 

tritnition »n^f «joiiiifliu|isiSitl,yf t'to# ipattaX pB/Wft 
witMii tliift ©Of©* It Iff twporti*it I© pf©ai»® 

lajftofwatton ri^^rilnf ta@ wTi«ti©ini of ultli tis# 

wfioii* ayataw p»T«w«taps, a»4 alto tB» mf wt«» 

ifUliiti tlio ooolanfe cMwiol* 


firoii tlB0B0i tSi® 4at* obtaiii®# tftfm %h& piaiwwit iwroi'^ 
tigatiea aaiiw aif<*iiat«y iii*fca» oawROt %« ttfaetXl’ ia 
itaMllt? walfsii ©f mmfmif tSiay owitri?s<wlso to tl» 
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tm I'tm&r ’^pi’ioprin:’*, "ie'^raw 

?fill llDOlc •Tte'-pany, J^sw Toflc» 1967!# 

S* il#f|* IlDokar ft 0,F. Pofptti A smy attermatioii 

ii#felKSf| ftej* wld fraction d«t®F»lnation la «*|3©Ti«Qntal 
Ijallln?' liitat traaiftrt t®8t ftollltias* /li?g©na« 

’'at tonal toliojfatoiy t#|>ort Sb,m S766* I9S3, 

*** Patrick ft B*9*‘)iraRaoat Hadiation attanmtioa »»ntliod 
of w*«asiiptaf ft«fitlty of a ttdCN-pkait fluid t Th% 
of fSelwittfie Ingt«jRi*at»i 1O70| 1953. 

4* H.S. taMOf 1%11 C* .*aiar and ?C.C# P4dy, fold fraottoas 
la tiio*|!>ti«8« floi#. Ifeaifial 3. 

mt 1057* 

ft. lf*s* IsBla* li*A* Podilgiaoa* l!*c* iMmon aad B.n* Pattloi 
foidl fnotioa nooiai^oaimts ia tvo^pliftse flowy A.I.CIIaB. 
loaraal, §s 427t 10». 

6* J*F* “oToliatowo and n^^ F«triote| 'File hrediotloa of 
»%m» imlnpte fraotloai in boillnii; iyitaMSf %oloar 
SeiiMioa and luginoeriiiii 2t S0S| 1060* 

7. 1*1* tksndoaf ana %il 0* Shor* Moeiawwitit of wid 

fraotlona In parallel lod arrays. *inolear ^oiatMie and 
mglfieerififf Mf 

0* H*C* PefkiYift aaid H* Bianff i void weaanrimmt t«olmi§ne 
fb> local Imiliatf ii^olear Sotenoe and fltgineerinit Xkt 
304t .IMl* 

f • a«tppl«weiit %ei ftiwi fmmw To«t o©d««t cimiiter 4^ aon 
^Miittrewenti Awerlean Soeiety of 'feoliaiiteal *la«inii®i»f 


10, i*F, iiirtinellt et al* laetlierRal prtsotire d»p fte» two- 
ptyaae tuo eow^lioiiifit non in a boilaoiitadl ptpOf fyant* 
i^ ,* 130i 1044* 



itsi|, Boole CSo»^p»ll3rt ’liw Yort* 

tiis* radiation d#tacttto»if >!eflra«N.|iiii 
IBSB* 

\ afcowle .fmelanaf He'tSraw^fflll Book 


itti; mm %hm® I«va er 

frtqtiftiMy iiliieti hm® tGm<& oomMmmhlm applieit* 

tiofi in fM® statistintl analiriis of tn<!iiitiofi tioaaitriiiian^®* 
Th*y mn * 

Ca) tiiii licifMil. Siat'fttatioBi 

(1^) tli@ Mnemint diatsi^ntien anA 

(o) %h» fOlBuon diftytlnitlrii* : 

Ibr mnSem ptmmmmm® i^a® psob&Mlitf of mmmmm 
it •»&}!» vlillii tb« nawbtr of tfiais boetwos mw 1mm* 
tint «oati irtiuiiii tlmAf tlm biiMMiti dittfilratiofi mm 

Ini appTtmiwatti l»gp tlm Btlttcwi. ilM.stfi'feurtfcioii* Botli fOitiwa 
«ii4 Mnowltl ditttffiboUcNi law# »®a»9# ia l^ia iif*it to norwil 
aiatftbiitloii* 

foitaon Xat# atatas tliat pfobability of ©baatvifif 
aicaatiy n ©oants l« a fivan tl»» latawal it 

fCe) » 



Caal 
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n la twfct nmn wmts fbr the girm tiw® Ifitewal. 

Wsr Foiasois ttstrilmtioii the atmi6sird diprlatioti is 
given hy 

0 “ » C « . •* •• 

where n Is thn aveMge mr^hmv of eoimta for th® fiirefi feiw® 
Interval, 

<%ifi the flrti»»h®r ©f eoimts la very larg® the P&imm 
diattihditlon nay he approxiw&ted hy ^^asalaa ©r noreel 
trilmtlon ettnation, i 

i 

’»%!« » serlet of w ohservations ®r^ ii^le the standard 
deviation of the average a is *iv«i t^lef, liS) 

^ •• •• C^*3J 

nie standard deviation la msM as a yreeisloci index in 
the statisti^l error analihiis and it mn he ealeiilated nsinf 
the shove exyresslofis* 

ttihllirt .agM, ' : 

The physioal sigiii^ieaiiee sttaohed to Wtee etsitdsini 
deviation fhr norinal distriharfeion is that «S,3 i>ef©f»it of 
sU ohaefvntiofW will Ihll ifithin *o" ©f the weaai# this 
aiesns that a single ohservation vill not differ fmm ^ 
tree nean hjr «»fe ttisii in «3 ol»e»vatl®ns of 1606, 
flimsHy the tme mean is net Itnovn# Batitairf a single vNMioi3ur#** 
vMMt of II oiwiits is made* This vain® is roported as n ♦ 


' w 

Itef# %t if timt ■ . 

a oi a a cr ' *. 

If li is th» f«3r*’b«r o'" ooiifits fbr a p®rio-,1 of ti*'© t 
ftoaotins rat® 1 « 

n 

T a ****• 

% 


Ttiis iraiti® 'rfith It'S standard do^iatton |}^ stated 
as 


Wl JL, jfKf^ Jbi, iiijiiiiiiMWiiinilnjri.tii 

4 pis> 4m TnTipnninn^wrjiw 

• ^ r . t • t 


i#«* r ♦ 0 -y a y # c ** 1 ^' •* 

t # C i ||4 1 

stataul in tojrws of p®mmtmg% rnTtof ttiat- ■ is 


(ft p ' * nr 

, •# C 4 #SI 

i*®* til® porenfitag® standard owsr * * 

SI* 

#• C 4 # 6 | 

RfoMlil® ...«»ror 



teotJi®? fioantlty fr«aiiaiitiy its®d in wpoftlng to atatls- 
tt®al mtmt is fro’ta^i® ♦rrof^'** tn» |>f©feaM® ooto? iS| W 
dafliittiont aiaotly' at lilfcalj t® ^ «x8a#i#d at not* tHii mmv 
uditalii Itaa agaotly t soil olnana® of iNd^iat assiaiiiod to a mifoal 

dlstfilwitioii If o^iiial t© ©•i'MS # ■ 

■ ' ■ ■ ■#: ■^' ' ' , ' " 

*•* Til® ffotalil® oiwr •• 


fiM i •Tter‘ - MS 


(A. 7 ) 



tabl® 1 flir#» til# «txmm f»r 

dl ffmmnt valw® of ii* . 


TA«I.»^ I 




JmJ 


Ipf©? 

?^«3fe#?itag:© 


atfifutera 

?.gfor. 
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''fion t«rr»ml a^ntitios' lioiriaf ottiidara iinriotiong 
9 c^f ••• o~^ «» oowbtttoi by #itb#» oMltloii #y 
gstlon til# itanaaya awlatton cri ©f tb# A# 


cr. 


(o-/ 4.0-, 
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♦ c, 
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..jikk Mttllk iJbL ^ 

'^pr rnffp . 
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CiUil 


’-twfi tli#r« li * baolcgfotwifi oowtliif »tt« ^ <5”^ 

^ a total oobbtiof rat# dia# to b&'IOi mmmaf amd hmitgr^mi 
mmtim r«t« in# to msm^ aloii# l» by 



.SaBBlA. nvm.T...Mmlv9in 


Ibr a tawpl® tat of *"®aatiir®d ^aluos of aa?! 

the itatlstloal orrora witboafc takiaf iato eoasldawitloa , 
tho baokj^romd oomt mt@ caloalatad aslag Sqaatloa A»'S and 
!*i^tiatlon A* 7 ar© glvan balcnr. 

?l m 70S01 cotmtt/wiwnte 0,37®lC 0.g53l 

Wl 

a 83SW ©onntfAilmito O.Mdt 

m 

Wj » 47043 ootmtaAlimt® 0*460| 0.310^ 

Tlie «aicli««iiii iNiokfxonnd ootmt t&tm obaoxvad nas ^30 
ooimta/wlmito* ?bx tlia iwwi® valnas of and 11^ ^la 

atatiatloal oiToxt takiaf late oonaldofation tlia feaekfxoimd 
ootmt mt« eaXeulatad naiaf Bcinatlon A«9 ar« aa fbHomat 

If • 70®DOL eoufita/miwilt® 0#378lS 

fi ■ 

w. « 83806 eoaata/aliiBta 0*34iSf 

i 

m 47043 oiwaiti/iiiattt® {l♦4®6|i 0*3136^ 

Tli« baokiTOma ©omt »mt# is voTy a*«al3. udam eowpai^d 
to If I W aad' ll|* OBii««<|ttaatiyf th« dlffawateaa batiWNwa fdi® 
atattftioal «y?oyi <Milottlat«d vith and idtbont taldiig into 
aonaldawitloa tb® baaS^ffoiaid oonat kat® ax® alw> 
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1. Water Pump 2, Mr Compressor 


3. Multi Channel Analyzer 4. Digital Print Out Unit 


5. Plow Channel 




1. itolti Ghann el Analyzer 2. Dls'play Unit 
3. Power Supply 4, Digital Print Out Unit 

5. EUow Channel 6. Detector 
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